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PREPARATION METHOD OF MAGNETIC AND METAL OXIDE NANQPARTICLES 
Technical Fidd 

5 The iMesent inventicxi relates, in graieral, to a method of productng magnetic oxide 

naiM^^artides or metal oadde nanoparficies and, more particularly, to a method of producing magnetic 
metal oxide nanoparticles, whidi comprises (1) adding a magnetic or metal precurscH* to a 
sur&cCant or a solv^ containing the 5U]:£K:1ant to produce a mixed solution, (2) heating ^ mixed 
solution to 50 - 600 1C to decon^)ose the magnetic or metal pcecurscM* by heating so as to form the 
1 0 magnetic or metal oxide nanoparticles, and (3) separating the magnetic or metal oxide nanoparticles. 

Background Art 

It is known that magnetic, electric, and optical properties of metal oxide nanoparticles 
15 depend on their size and shape (Dai, Z,R. Adv. Func. Mater. 2003, vol.19, p.9). Based on the 
above characteristics, it is predicted that the metal oxide nanoparticles are capable of beii^ qjplied 
to various fields, such as magnetic resonance imaging contrast media, record storage media, 
catalysts, energy storage, sensors, and fenofluid (Zarur, A. J. Nature ^ 2000, vol.403, p.65; Majetich, 
SA. Science, 1999, voL284, p.470). 
20 Nanoparticles have been produced through various synthesis methods, vsiiich include 

thermal decomposition of an oxgantxnetallic precursor, decomposition using an ultrasonic method, 
reduction of metal ions at high ten^jeratures, or reduction in inverse micelles. Of them, the most 
fiequentiy used metiaod is one in which a solution containing surfectants is heated to a high 
temperature, a jraairsor is added tiacrcto for a short lime to £^ 



1 



wo 2006/052042 



PCT/KR2004/003088 



temperature is reduced so as to prevent the formation of additional nuclei and to make the growth 
of the particles uniform. Additionally, various related technologies have been developed. 

Korean Pat. Laid-Open Publication No. 2003-0082395 discloses a method of 
synthesizing uniform spherical metal oxide nanoparticles, in which a metal precursor and a 
5 surfactant react in a solvent at 30 - 200'C to produce a metal-surfactant complex where the 
surfectant is bonded to the the metal-surfactant complex is decomposed at 50 - 500 1: by 
heating to syntheaze uniform sfAioical metal nanoparticles^ and the synthesized spherical metal 
nanoparticles are separated and tfien oxidized using an oxidizing agent 

Korean Pat Laid-Open PubUcation No. 2003-008234, U.S. Pat No. 6^62,129, and 
10 Shouheog Sun, J. Am. Chcm. Soc, 2002, voL124, p.82a4 disclose a mettKxi of producing a 
magjnetite (Fe304) nanoparticlc material, in w4iich iron salts, alcohol, organic add, and organic amine 
are mixed and heated at 200 3601C. In the above method, the particle size is controlled by 
changing a ratio of iron salts to acid/amine or by coating small nanopaiticles wifli additional iron 
oxide. 

15 Another conventional technology is a metiiod of pioducing metal or magnetic 

nanoparticles, in wiiich, after a metal precursor is synthesized, the precursor is rapidly added to a hot 
solution wiiere a surfactant is mixed with a solvent (Peng, X. Chem. Mato:. 2004, vol, 1 6, p.393 1 ). 

Meanwhile, synthesizing methods, which aim to control the shape and the size of metal 
oxide nanoparticles, are known. 

20 For example, a method of producing metal oxide nanoparticles having various shapes, 

such as sphere, lod, or bullet shapes, is suggested, in which a solution, containing metal, alkoxide, 
and a surfactant, is heated, and then a metal halogen compound is rapidly added thereto at high 
tranperatuies to produce the nanoparticles in a kinc^cally stable state while the type and tiie 
concentration of the surfectant are controlled (Oxoru J. Am. Chem. Soc. 2003, vol.125, p.15981). 
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Another racamf^e is a mediod of produciiig anisotropic metal oxide nanoparticles at higji 
temperatuies by mixing a metal precursor with a saa&ctant, a solv^ and an oxidizing agent (Park, 
J.T., J. Am. Chem. Soc. 2003, voL125, p.3408). 

However, the production of the metal oxide nanoparticles according to the above methods 
5 has the following problems. In Korean Pat Laid-Open Publication No. 2003-0082395 and Paric, 
J.T. J. Am. ChercL Soc. 2003, vol. 125, p.3408, it is necessary to conduct an oxidation jrocess of 
converting the metal nanoparticles into the metal oxide nanoparticles using an oxidizing agent after 
the metal nanoparticles have been pxxiuced. The above two patents are probl^natic in that reaction 
efficiency is reduced because a production procedure is complicated due to the two-step process as 

10 described above, and a producdon cost of the oxide nanoparticl^ 

leactant are added, U.S. Pat No. 6,262,129, Korean Pat Laid-Open Publication No. 2003- 
0082394, and Shouheng Sun, J. Am. Cbem. Soc., 2002, vol.124, p.82a4 have a disadvantage in tot 
since it is possible to pcoduoe the nanoparticles only when using all of three leactanls comprising 
poiyalcohol as a reducing agent, organic add, and (xganic amine, many types of reactant are used 

15 Patticulariy, in the course of producing ferrite magnetic oxide containing manganese or cobalt, the 
oxidation number of iim is 3, and the oxidation numbers of manganese and cobalt aie both 2. 
Howevo-, if polyakdiol acting as the ledudiig agent reduces ircHi, it is impossil^ to fcnm ^lite 
nanoparticles, and chemical equivalence ratios of metals are not in accc»d witii each olfaa*, thus the 
structure of the nanoparticle does not coincide witii an inverse spinel stmcture. Fuitiiemiore, due to 

20 polyalddiyde and polyorganic acid, caused by a side reaction of poiyalcohol as tiie reducing agent, 
the action of organic acid as tiie sui^K^tant is suppressed and a process of separating byp»xxiucts is 
complicated. Peng, X., Chem Mater. 2004, vol. 16, p.3931 discloses a mcdiod in ^^ch after the 
metal precursor has been synthesized and purified, the metal precursor is r^idly injected to a reaction 
solution. In the method, since a conqjlicated process of synthesizing and purifying the meal 

25 precursor must be implemented and reactants are mixed by rapid iryection, it is difficult to synthesize 



3 



wo 2006/052042 



PCT/KR2004/003088 



imifbim nanoparticles in great quantity. Likewise, Cheon, J. Am. Chem. Soc. 2003, vol 125 
p.15981 is problematic in that since the metal procursor is r^dly injected into Ibe reaction soludon at 
high t^nperatures to produce the anisotropic metal oxkle nanoparticles, it is difficult to produce the 
uniform nanopartides in great quantity, and a ccttiqjlicated process must be conducted in order to 
5 precisely control the reaction. 

Therefore, the present inventors have conducted extensive studies, resulting in the findings 
that it is possible to produce magnetic or metal oxide nanoparticles through a single process by 
mixing a metal precursor, a solvent, and a sur&ctant whUe heating them without an oxidi2dng or 
reducing agent, and that it is possible to produce magnetic or metal oxide nanc^^articles having a 
10 desired aze by controllii^g the concentrarion of the precursor or the type of the surfectant, thereby 
aoccHnplishing the present invention. 

Disclosure of the faventioti 

1 5 Accordingly, an object of the paesexA inventioa is to provide a method of effectively mass- 

producing magnetic or metal oxide iianqparticles having a deared size and a unifonn sh£^ throi^ a 
an^le process without using an oxidizing agent or a reducing agent 

In order to accomplish the above otgect, the pfesent invention provides a method of 
producing magnetic or metal oxide nanoparddes. The method coopises (1) adding a magnetic or 

20 metal piecursor to a surfiictant or a solvent containing the sui£ictant to pro^ 
heating the mixed solution to 50 — 600 1G to deccHiipose the magn 

as to form the magnetic en* metal oxide nanoparticles, and (3) separating the magnetic or metal oxide 
rianopaiticles. 

25 
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Brief Dcscriptian of the Etowing s 

FIG. 1 illustrates the productiDn of magnedc oxide nanoparticles or metal oxide 
nanopardcles according to the present invention; 
5 FIGS. 2a, 2b, and 2c aie transmission electron microscope (TEM) pictures of iron oxide 

nanoparticles having sizes of 6, 9, and 12 nm produced according to the faesent invention; 

FIGS. 3a, 3b, and 3c are TEM pictures of manganese feite nanc^iarticles having sizes of 6, 
9, and 12 nm produced aocoiding to the present invention; 

FIG, 4 illustrates saturatic«i magnetic hysteresis curves of manganese farite nan£q)aiticles 
10 having sizes of6, 9, and 12 nmptxiuced according to tiiepieseiiti^^ 

FIG. 5 is a high voltage high resoluticm TEM picture of manganese fenite nanopaiticles 
having sizes of 1 2 nm produoed acconling to the present invention; 

FIG. 6 is a TEM picture of cobalt fenite nanoparticles produced accoiding to the present 
inventicHi; 

15 FIG. 7 is a TEM picture of nickd fenite nanoparticles produced according to the present 

inventicm; 

FIG. 8 is a TEM picture of iron oxide nanoparticles having the size of 9 nm v^ch are 
niasst-^xoduced accordkig to the piiesent invent 

HG. 9 is a TEM pictiTC of titanium oxide nanoparticles produced accordiiig to 
20 invenlioi:^ 

FIG. ID illustrates X-iay diffiaction psSSem analysis results of titanium oxide nanc^sarticles 
produced according to the present invention; 

FIG. 11 is a TEM picture ofturigsten oxide nanoparticles produced acccHdiiig to the pi^^ 
invention; 
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FIG. 12 is a high voltage high lesoludon TEM picture of tungsten oxide nanoparticles 
produced accoKiing to the present 

FIG. 13 is a TEM picture of manganese oxide nanoparticles produced according to the 
present invention; 

5 FIG. 14 is a high voltage high resolution TEM picture of manganese oxide nanoparticles 

produced according to the presait invCTition; and 

FIG. 15 illustrates X-ray diffraction pattern analysis results of manganese oxide 
nanoparticles fxxxluced according to the present inventicax 

10 Best Mode fo r Carrying Out the InventicKi 

The present invaiti<m relaies to a method of producing magnetic oxide nancqsarticles or 
metal oxide nsyioparticles. The method ccrnqnises (1) adding a magnetic or metal precuisOT to a 
surl&bctant ot a solvent containing the sui^K^tant to pnKluce a mixed sc^ution, (2) heating the mixed 
15 soluticm to 50 - 600*0 to decompose the magnetic or metal precursor by healing so as to the 
magnetic or metal oxide nanc^)aiticles, and (3) separating the 

Hereinafter, a detailed description will be given of the magnetic precurscMr, the metal 
prscurscK^, the sui^K:tant, and sdvent that are used as reactanis in the method according to the 
present invention. 

20 Inthe f»es«it invendon, ^camples of tfie '*magpetic precursor" include metal anilrate-based 

compound, a metal sulfete-based compound, a metal fluoroacetoacetate-based compound, a metal 
halide-based compound (MX^ M = Fe, Ni, Co, Gd, Mn, Zn, Cr, or Cu, X = F, CI, Br, or 1, 0<^<5), a 
metal p«chlorale-based compound, a metal sulfemale-based compound, a metal stearate-based 
compound, or an oigancHnetallic compound. 
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The metal nitrate-based ccHtipoimd is exemplified by iraii(II) nitrate, !ion(III) nitrate, 
manganese nitrate, cobalt mbaie, zinc nitrate, nickel nitrate, and copper nitrate. 

The metal sulfete-based conqx>und is exemplified by iron sulfite (H), iron sulfete (ID), 
manganese sulfate, cobalt sulfate, nickel sulfate, coppa: sulfite, and zinc sulfate. 
5 The metal fluoroacetoaoetate-based conqjound is exemplified by iron trifiuoroacetoacetate, 

cobalt hexafluoroacetoacetate, manganese hexafluoroacetoacetate, nickel hracafluoroacetoaoetate, 
copper hexafluoroacetoacetate, and zinc hexafiuoroacetoacetate. 

The metal halide-based con:^und is exanplified by iron(II) chbride, iron(III) chloride, 
cobalt chlcBide, nickel chloride, copper chloride, zinc chloride, gadolinium chloride, iron(II) brMnide, 
10 ironOni) bromide, cobalt brcMmdc, nickel bromide, copper bromide, zinc bftanide, iron(II) iodide, 
iron(III) iodide, manganese kniide, nickel kxHde, cc^>per iodide, zinc iodide, and cobalt k>dide. 

The metal padikMate-based con^und is exemplified by iron(ni) peichtorate [Fe(C104)5], 
cobalt perdikjrate [Co(C104)2], manganese perchJorate [Mn(a04)2], nickel perdikwate [Nri(a04)2], 
copper peixiil(»ate [CviOO^hl. and anc pecchlorate [Zn(C104)2]. 
15 The metal sul&mate-based ocmqxxmd is ocemi^ed by iron sul&mate (FeNH2S03>2, 

mai^anese sulfiimafce (MriNHzSOa)!, nidcel sulfemate (NiNH2S03)2, cobalt sulfenate {CoNH2S03)2, 
copper suliamate (CuNH2SCb)2, and zinc suifimale (ZhNH2S03>2. 

The metal stearale-based compound is exen^jUfied by irai stearate [Fe(02Ci«H35)], 
mai^anese stearate [MnCQzCisHss)], nickel stearate [Ni(C)2Ci8U35)], copper slearate [Cu(02Ci8H35)], 
2 0 cobalt slearate [CoCQzCigHas)], and zinc stearate [Zn(02Ci8H35)]. 

The organometallic compound is ©cemplified by iron(ni) meso tetraphmydpoiplMn-n-oxo 
dimer [(C44H28N4)Fe]20, 1ris(2,2,6,6-tetrameth3d-3,5-heptanediooate)iron(ni) nrc(CiiHi9Q2)3; 
abbreviated as Fe(TMHD)3], lxs(2,2,6,6-tetrametiTyl-3,5-heptanedionate)nickel |Ni(CnHi9Q2)2; 
abbreviated as Ni(TMHD)2], bis(2A6,6-tetramethyl-3,5-heptanedionate)cd)alt [Co(CiiH39Q2)2, 
25 abbreviated as Co(TMHD)2], bis(2A6,6-tetrametityl-3,5-heplanedi(Kiatc)copper [Cu(CiiHi9Q2)2, 
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abbreviated as Cii(TMHD)2], bis(2;2,6,6-teliamedi>dO,5-heptane(Ho^ [Zn(CiiH|9Q2)2, 
abbreviated as Zn(TMHD)2], and lMs(2,2A6-tetiainethyl-3,5-hqjtanE^ 
[Mn(Ci iHi902)2, abbreviated as Mn(TMHD)2]. 

Illustrative, but non-limiting examples of the '*tnetal piecursOT" include the metal halide- 
based compound (MXa, where M = Ti,Zr,Ta,Nb,N^ Sn, or Pb, X - F, CI. Br, or I, 

and 0<a<5). ITie metal halide-based compound is exempMed by titanium tetrachloride, zirconium 
tetrachloride, tantalum pentachloride, tin tetrachloride, tungsten chloride, molybdenum tetrachloride, 
manganese chloride, titanium tetrabioniide, zirconium tetrabmmide, tantalum pentabrcxnide, tin 
tetrabromide, and manganese bromide. 

In the method of the present invention, the "surfactant" is used to stabilize the magnetic or 
metal oxide oaoopaiticles. Examples of such sur^tant include organic add (CnCOOH, Cn'. 
hydrocaiban, 7^n<30), such as oleic acid, lauric add, stearic add, mysteric acid, or hexadecanoic 
add and organic amine (CJ^JHa, Q,: hydrocaifoon, l^a^O), such as oleyl amine, lamyl amine, 
trioctyl amine, dioctyl amine, or hacadecyl amine, alkane thiol (CnSH, d: hydrocarbon, 7SiS30), 
such as dodecane thiol, hscadecane thiol, cm: heptadecane thiol, phospdionic acid (CnPCXOKh, C„: 
iQ^drocarbon, 7:^i<30), such as tetiadecyl phos^^xviic acid or octadec}^ phosj^hcxnc add, 
trioctylphosphine oxide, tributylphos^dmie, alkyl sul^de, alkyl phosphate, and tetFaalkylammonium 
balide. 

In the method accoidiiig to the present invention, it is prefeiable that the "solvenf' have a 
high boiliiig point niustrative, but iKXi-limiting exan^les of such solvent include an ether-based 
compound (QgO, Q,: hydrocaibon, 5:3x30), sudi as octyl etho*, ben2yl eftier, or phaiyl ether, 
hydrocarixHis (CnHm, 7^i[<30X such as hexadecane, heptadecane, or octadecane, organic acid 
(CnCOOH, Q: hydrocarbon, 7Si30), such as oleic acid, lauric acid, stearic acid, mysteric acid, or 
hexadecanoic acid and organic amine (CnNH2, Q: hydrocarbon, 7^n<30), such as oleyl amine, lauiyl 
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amine, trioct>i amine, dioctyl amine, or hexadecyl amine, and alkane titiiol (QiSH, Cn^ Irydrocatbon, 
7<n<30), suc^ as dodecane MoL hemlecane tiiiol he^^ 

Meanwhile, in the step (1) of the method accOTding to tiie present invention, the metal or 
magnetic precuraor is added to (i) flie surfectant, or (ii) the solvent ccaitaining the surfectant to 
5 produce the mixed solution. The amount of surfectant in the mixed solution may be 1 - 1 00 times, 
preferably 5- 70 times, and mOTe preferably 8-50 times that of the precursor. Furthermore, when 
the solvent is contained in ihs mixed solution, the amount of the solvent is 1 - 100 times, preferably 2 
- 60 times, and more preferably 5-40 times that of the piecursor. 

In the step (2) of the method according to the pMTesmt invention, the mixed solution of the 
10 step (1) is heated to 50 - 600r;, jaefeably 100 - 450 1:, and more preferably 250 - 400t: to 
decompose the magnetic or metal pcecurs(»: by heating, thereby foming the desired magiietic oxide 
nam^^articles or metal oxide nanoparticies wi^ut an oxidizing agent or a reducing £^ent It is 
prefeiable that the heating be OHiductBd at 50 - 600 fisr 30 niin - 3 }K)ia^ 
nanoparticles are to be produced, and that heating be implemented at 50 - 600 1C for 1 min - 2 
15 houis^^dien the metal oxide r]atK}patticles are to be produ^^ 

In the step (3) of the method according to the present invention, the magpetic oxide 
nanoparticles or the metal oxide namparticles, which are formed in the step (2), are separated. The 
nanoparticles may be sqxoaied tiirough a method known in the art, and fen: exair^e, ethanol or 
acetone is added to the reacticsi products to precipitate the magnetic metal oxide nanoparticles, aixl 
20 thesq^acationisinqdeinenledusiiigacentri&gaisq^ 

According to m aspect of the method of the present invention, one type of magnetic 
precursor is added to a solvent, which contains a sur&ctant, to ixoduce a mixed solution, and the 
mixed solution is heated to synthesize "single con^xHient magnetic oxide nanc^xirticles". 
Additionally, two or more types of magnetic precursor are added to a sob/eat, vMch contains a 
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sur&ctssrAy to produce a mixed soiutioiv and the mixed solution is heated to syn^e^ze "composite 
magnetic oxide nanopaiticles". 

In the above aspect, the size of the magnetic oxide nanoparticle can be controlled by a 
concentration of the magnetic precursor, and the higher concentration of the precursor increases the 
5 size of the magnetic oxide nanoparticle. The concentration of Ihe precursor can be controlled by the 
amount of solvent In detail, the solvent may be added in an amount that is 30 - 35 tin^ 15 - 20 
times, or 5 - 10 times as much as the {xecursor in order to produce magnetic oxide nanoparticles 
having sizes of about 6 nm, about 9 nm, or about 12 nm, respectively. 

According to another aspect of the method of the present invention, one type of metal 

10 precurscMT is added to a sur&ctant to produce a mixed solution and the mixed solution is heated to 
produce ""single con^xxient metal oxide naiKyparticles" having an anisotropic structure. 
Additionally, two or more types of metal precursor are added to a solvent, which oontains a 
sur&ctant, to pHoduce a mixed sdijdon, and the mixed soluticm is heated to synthesize "con^xisite 
metal oxide nanoparticles*\ 

15 Di the seccmd aq^ect, tiiB difmieter of the metal oxide nanc^)articte can be 

sur&ctant In detail, the concentration of tiie surfactant is controlled vfben one type of sur&ctant is 
used, or a composition ratio of the sur&ctants is oontroUed wiien two types of sui&ctant are used, 
iSxsxky producing metal oxide nanoparticles having the desired diameto'. If the sur&ctant is 
ccMnposed of organic add and organic amine, the inmased amount of organic acid brings about 

20 kiger diam^ier metal oxide nanoparticles. Iti order to produce the metal oxide nanoparticles which 
have the desired diameter of the present invoition, that is, the diameter of 2-30 nm, a ratio of organic 
add/organic amine is set to 1/50 - 50/1 , preferably 1/25 - 25/1 , aixi more preferably 1/12-12/1. 

Through the above method according to the jsesent invention, it is possible to synthesize 
single component mi^petic oxide nanoparticles, which contain one type of metal compcMient and are 

25 expressed by MxOy(M = Fe, Ni, Co, Gd, Mn, Zn, Cr. or Cu, 0<x<3, 0<y<4), and the ccMiqxisite 
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magaetic oxide nanoparticles, vsiiich contain two types of metal components and are expiessed by 
MM2O4 (M and M = Co, Ni, Mn, Zn, Gd, or Cr). However, the |»esent invention is not limited to 
these magnetic oxide nanoparticles. 

Through the above method accoiding to the present inventicai, it is possible to syntiiesize 
single component metal oxide nanoparticles that contain one type of metal component and are 
expressed by MxOy(M - Ti, Zx, Ta, Nb, Mn, Sr, Ba, W, Mo, Sn, or Pb, 0<x<3, 0<y<5), and 
composite metal oxide nanc^>articles that contain two types of metal components and are ex«nplified 
by BaTiOa, PbTiO^, ZrliOs, BaSrxTii^ PhZTxTii-xOs (0^x<l). However, the present invention is 
not limited to these metal oxide nanoparticles. 

Meanwhile, the magnetic oxide nanqiarticles or tiie metal oxide nanc^sarticles produced 
through the method of the present invention may be app^ed to various fields, depending on the type 
thereof. For examine, the magnetic nanc^xuticles, such as iron oxide nanoparticles, may be £^lied 
to magnetic resonance imaging contrast media, data storage, and sensor fenofhnd fields. Titanium 
oxide nanoparticles may be app^ed to i^iotDcatEdyst and sensor fields, tungsten oxide nanoparticles 
may be used as photocatalysts and desul{diurizers» and tungstai compounds having a layered 
structure may act as precursors and thus be applied to energy storage and sensor fields. Manganese 
oxide nasKvparticles may be used as material for dectrodes of high capacity ceramic condensers, as 
chmiical reaction catalysts, and as material for soft magnet 

A better understanding of the present invmtion may be obtained through 1hs Ic^owing 
racamples wfaidi are set feirth to illustrate, but are not to be construed as the limit of the present 
invention. 

EXAMPLE 1 : Production of imn oxide nanoparticles having various sizes 
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lion nitrate (Aldrich) was deoonqx)sed by heating in 20 ml of an octyi ether solvmt 
(Aldrich) containing O.I M lauric acid (Aldrich) and 0 J M lauiyi amine (Aldnc^^ fisr 1 hour 

to sryntfae^ze iron oxide nanopardcles having the size of 6 nm. Fmlhennore, the procedure of 
synthesiziiig the iron oxide nanoparticles having the size of 6 nm was r^jeated except that the amount 
5 of solvent was set to 10 ml, thereby jwoducing iron oxide nanoparticles having tiie size of 9 nnx 
Additionally, the procedure of synthesizing the iron oxide nanc^Darticles having sizes of 6 nm or 9 nm 
was repeated except that amount of solvoit was set to 5 mi, thereby producing iron oxide 
nanopsulicles having the size of 12 nm. 

20 id of solutions, which contain the ircoi oxide nanoparticies thus synthesized, were 
10 dropped on a caibon film-coated TEM grid (Ted pella Inc.). dried for shout 30 min, and observed 
usipg an electron microscope (EF-TEM, Zeiss, accderadtMi volta^ 1 0(^V). Tbe results are shown 
in FIG. 2. FIGS. 2a, 2b, and 2c are TEM pictures of the iron oxide nanc^^articles having sizes of 6, 
9, and 12 nm^^ch are produced accordii^ to the pres^invendcHL From these figures, it could be 
seen that the uniform inxi oxide nanoparticles having the desired size were produced. 

15 

EXAMPLE 2: Production of manganese fenite (MaFefi4) nanopaiticles 

Iron nitrate (Aldridi) and manganese chloride (Aldrich) precursors woe mixed in an 
equivalence ratio of 2:1, and reacted in 20 ml of an octyl ether solvent containing 0.1 M lauric acid 
20 and 0.1 M lamyl amine at 290X1 for 1 hour to produce mai^anese fenite nanoparticles having the 
size of 6 nm. The mangai^se fetrite nanoparticles having sizes of 9 nm and 12 nm were 
synthesized throu^ the same pMX)oedure as example 1 while tiic amount of solvent was controlled. 

The synthesized manganese ferite nanoparticles were observed using a TEM, and the 
results are ^wn in FIG. 3. FIGS, 3a, 3b, and 3c are TEM pictures of manganese femte 
25 nanoparticles having sizes of 6, 9, and 12 nm produced according to the piese^ From 
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diese figures, it could be seen that unLfoim manganese feirite nanopaiticles having the desired sizes 
werejxoduced. 

Saturation magnetic hysteresis depending on the size of the manganese fenite nanopatticle 
was measured using a SQUID (siqjerconducting quantum interferencing device, MPMS) at room 
5 temperature, and the results are shown in FIG. 4. From this figure, it can be seen that the higher size 
of the nanoparticie brings about higjier magnetism in a saturation magnetic field- 
Furthermore, 20 ijJi of solutions, wtdch contain the manganese ferrite nanoparticies, were 
dropped on a carbon film-coated TEM grid (Ted pella Inc.), dried for about 30 min, and observed 
using a high voltage high resolution TEM (Jeol, accelaiation voltage 1250kV). The results are 
10 shown in FIG. 5. It was coofinned that aystallinity of the manganese fenite nanopaiticle was 
excellent and the nanoparticie had an inverse s^nnd structure. 

EXAMPLE 3: Production of cobalt fenite nanoparticies (CoFe!204) and nidcd fenite 
nanoparticies (NiFe^04) 

15 

The procedure of example 2 was rq^ealed except diat cobalt chloride and nickel dilonde 
precursors (Aldtich) were used in place of the manganese chloride pfecursor of exan^e % thereby 
producing cobalt fenite nanoparticies and nickel fetrhe n£ax)partides. 

Ibe synthesized cobalt fenite nanoparticies and nickel fenite nanoparticies were observed 
20 using a TEM, and the results are shown in FIGS. 6 and 7. Frran these figures, it can be seen that the 
sizes ofthe parties are unifennly distributed within 9 ± 1 nm 

EXAMPLE 4: Mass-synthesis of iron oxide nanoparticies 
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Iron oxide nanopaiticles were synthesized in great quantity using 4 g of mm nitrate, which 
Gonesponded to an amount that was 10 times as nii^ 1, in 100 ml 

of anoctyl ether solvent containing 1 M lauric acid said 1 M lauiyl amine at 290X^. 

The synthesized iron oxide nanopaiticies were observed using a TEM, and the results are 
5 shown in FIG. 8. From this figure, it can be seen that it is possible to prcxluce iron oxide 
nanc^)a]ticles, v^ch have excellent dispersibility and uniform size and shape, in great quantity. 

EXAMPLE 5: Synthesis of titanium oxide nanopaiticles 

1 0 0.5 mmol of titanium tettadiloride (Aldzidi) were mixed with 0.28 g of oleic acid (Aldrich) 

and 1.7 g of ole^ amine (Aldrich), and then decon^posed by heating at 290*0 for 2 min to produce 
titanium oxide nanopaiticles. 

The synthesized titanium oxide nanopaiticks were observed using a TEM, and the results 
are shown in FIG. 9. It was oonfuxned that unifom titanium oxide nanoparticles having diameters 

15 of5 nm and kngthsof25- 30 nm were produced. 

Furthermore, the titanium oxide nanopaiticles dispersed oa an organic solvent were 
condsised and dripped on a silicone substrate (1 cm X 1 cm), and the solvent was vaporized. After 
this procedure was reseated, oystalline structures of die titanium oxide nanoparticles analyzed 
using an Xnay dif&action analyzer (XRD, Rikagu), and the r Fromthis 

20 figure, it could be seen that ciystallinity of the titanium oxide nancqxDlicle was excellent and the 
nanopaiticle had an anatase stnxture. 

EXAMPLE 6: S>aithe:»s of tungstoi oxide nanoparticles 
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0.1 mmole of tungsten tetrachloride (Aldrich) was mixed widi 1.63 g of okic acid and 0.54 
g of oleyl amine, and then decomposed by heating at 350*0 for 1 hour to produce tungsten oxide 
nanppartides. 

The synthesized tungsten oxide nanoparticies were obseived using a TEM, and tfie results 
5 are ^own in FIG. 1 1 . FtXMn this figure, it was confirmed that crystals of the nanoparticies grew 
unidirectionally. 

Furthemiore, the tungsten oxide nanoparticies were observed using a high voltage high 
resolution TEM, and the results are shown in FIG. 12. It could be seen that the ciystallinity of the 
tungst^ oxide nanoparticle was excellent and the preferred orientation of oystal growth of the 
1 0 nanc^sarticles toward <010> was achieved. 

EXAMPLE 7: Synthesis of manganese oxide nanoparticies 

0.5 mmde of manganese chloride (Aldrich) was mixed witti 0.28 g of oleic acid and L64 g 
15 of oleyl amine, and then deconqxised by headng at 270 1C fear 20 min to produce manganese oxide 
nanoparticies. 

The synthesized manganese oxide nanoparticies were obso:ved using a TEM, and the 
results are shown in FIG. 13. From the TEM analysis results, it was coasfimfied diat the manganese 
oxide nanc^)articles had a millet shape, and diameters and l^iglhs of the nanoparticies were uniform. 
2 0 FurthemKse, the manganese oxide nanoparticies were observed using a high voltage high 

resolution TEM, and the results are shown in FIG. 14. It could be seen ^ the crystallinity of the 
manganese oxide nanoparticies was excellent, the preferred orientation of crystal growth of the 
nanoparticies toward <001> was achieved and the crystals of the nanoparticies were partially grown 
toward <211>. 
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Ackliticnally, the mapg9nese oxide nanoparticles were subjected to X*iay dif&action pattern 
analysis, and the results aze shown in FIG. 15. It could be seen that the stnictme of the nianganese 
oxide nanc^iaiticle was tetragonal and die ctystalliiu 

5 Industrial Applicability 

According to a method of the present invention, it is possible to mass-produce magnetic or 
metal oxide nanoparticles without an oxidizing agent or a reducing agent, and to unifomily produce 
the magnetic or metal oxide nanopaiticles having the desired size by ccmtiolling a precursor 
10 concentration <»* a surfactant 
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